Studies on facial attractiveness in human adults, infants, and newborns have consistently reported a visual preference for faces rated as attractive compared with faces rated as unattractive. Biological accounts of facial attractiveness have typically presented such preferences as arising from adaptations for mate choice or as by-products of general sensory bias. In this cross-species study, we examined whether explicit ratings of attractiveness made by human judges would predict implicit visual preferences in other humans and also in rhesus macaques and, if they do, whether such preferences would extend beyond conspecific faces. Results showed that human ratings of attractiveness can predict implicit preferences in nonhuman primates (macaque monkeys; Macaca mulatta). However, we also found a species-specific effect of face attractiveness in which humans showed a visual preference for human faces (but not macaque faces) rated as attractive, and macaques displayed a visual preference for macaque faces (but not human faces) rated as attractive. Overall, the findings suggest that attentional bias toward attractive faces arises neither from an exclusive operation of mate choice adaptation mechanisms nor from the sole influence of a general sensory bias, but rather reflects their interaction. The influence of a general sensory bias may be modulated by the categorization of a face as conspecific or heterospecific, leading to species-specific preference for attractive faces.
Despite the long held view that "beauty is in the eye of the beholder," judgments of facial attractiveness are largely shared both within and between cultures (Cunningham et al., 1995; Jones & Hill, 1993; Langlois et al., 2000; Little, Jones, & DeBruine, 2011; Perrett et al., 1998; Perrett, May, & Yoshikawa, 1994; Rhodes, 2006; Rhodes et al., 2001) . While acknowledging interobserver variation (Hönekopp, 2006) , multiple reports indicate that there can be a common sensibility of what is attractive across cultures and point to a biological account of the preference for attractive faces (Hahn & Perrett, 2014; Little et al., 2011; Rhodes, 2006) . Facial attractiveness is influenced by a variety of factors (for a review and a meta-analysis, see Little et al., 2011; Rhodes, 2006) , eluding explanation by a single principle. Due to this multifactor determination, physical measurements of attractiveness are not straightforward as are, for example, height or weight measures. The easiest and most common way to evaluate beauty in a face is to ask human observers to rate a face for its attractiveness. These explicit judgments of attractiveness are a good predictor of implicit behaviors linked to preferences, such as longer looking times, either in adults (Hayden, Parikh, Deaner, & Platt, 2007; Leder, Tinio, Fuchs, & Bohrn, 2010; Shimojo, Simion, Shimojo, & Scheier, 2003) , or in infants from 2-to 3-day-olds to 15-montholds Damon, Mottier, Méary, & Pascalis, 2017; Langlois, Ritter, Roggman, & Vaughn, 1991; Langlois et al., 1987; Samuels, Butterworth, Roberts, Graupner, & Hole, 1994; Samuels & Ewy, 1985; Slater, Quinn, Hayes, & Brown, 2000; Slater et al., 1998; Van Duuren, Kendell-Scott, & Stark, 2003) . The overlap between ratings made by adults and visual preferences in adults and infants suggests that some of the features upon which adult raters rely to make their judgments are correlated with the features that drive visual attention toward implicit preferences. Contrary to adults, young infants are unlikely to be influenced by cultural standards of beauty. Thus, such results might also indicate that there are some biologically based principles of attractiveness (Damon, Mottier, et al., 2017; Quinn, Kelly, Lee, Pascalis, & Slater, 2008; Rhodes, 2006) . Two evolutionary frameworks have been proposed to explain what makes faces attractive and why humans show preferences for attractive faces. On the one hand, preference for attractive faces can be seen as an adaptation to solve the problem of mate choice because attractiveness and its components may serve as indicators of mate quality, such as health, parasitic resistance, or fertility (Fink & Penton-Voak, 2002; Little et al., 2011; Thornhill & Gangestad, 1993 Thornhill & Møller, 1997; Zebrowitz & Rhodes, 2004) . Potential mate quality indicators include, but are not limited to, prototypicality (i.e., the proximity of a face to the average of a population, in terms of mathematical trait values), sexual dimorphism (i.e., feminine traits in female faces and masculine traits in male faces), and bilateral symmetry (i.e., the similarity between left and right halves of the face). For example, averageness is linked with greater genetic diversity, which may result in greater parasitic resistance, whereas deviations from average could signal chromosomal disorders (Thornhill & Møller, 1997) . Similarly, facial symmetry can be an indicator of stability in development and resistance to environmental perturbations (Little et al., 2011; Thornhill & Gangestad, 1994; Thornhill & Møller, 1997) .
On the other hand, preference for attractive faces could be an emergent property of our object recognition systems (Damon, Mottier, et al., 2017; Halberstadt, 2006; Halberstadt & Rhodes, 2000 , 2003 Quinn et al., 2008; Rhodes, 2006; Wallis, 2013) . Generalization effects in biological systems of object recognition have been shown to induce biases toward prototypical or symmetrical stimuli as a response after category learning (Enquist & Arak, 1994; Enquist & Johnstone, 1997; Ghirlanda, Jansson, & Enquist, 2002; Jansson, Forkman, & Enquist, 2002; Wallis, 2013; Wallis, Siebeck, Swann, Blanz, & Bülthoff, 2008) . Even preferences for extreme sexual dimorphism can be attributed to sensory biases without a link to individual fitness (Garcia & Ramirez, 2005; Guilford & Dawkins, 1991; Ryan, 1998) .
However, these frameworks are not mutually exclusive. Both mechanisms may act independently to shape attractiveness preference , or one could derive from the other. For example, initial sensory biases could evolve as signals of mate quality (Garcia & Ramirez, 2005; Rhodes, 2006) , or mechanisms derived from mate choice could operate on top of perceptual biases to make humans particularly attentive to facial attractiveness in conspecifics (Little & Jones, 2003) . These possibilities seem, at first glance, to conflict with reports showing that components of attractiveness such as symmetry or prototypicality can influence preferences for a variety of stimuli, including those both relevant and not relevant to mate choice in humans (Halberstadt & Rhodes, 2000 , 2003 Reber, Schwarz, & Winkielman, 2004) and monkeys (Anderson, Kuwahata, Kuroshima, Leighty, & Fujita, 2005; , but see Tomeo, Ungerleider, & Liu, 2017) . However, the influence of these components has been shown to be modulated by the category of stimuli presented. Symmetry is most pleasant when it corresponds to human faces rather than to the faces of other species or nonface objects (Little, 2014) . Similarly, the magnitude of the influence of prototypicality on attractiveness judgments for exemplars of various nonhuman animal categories is related to their perceived or actual phylogenetic similarity to humans (Halberstadt, 2006) . From an evolutionary perspective, it would indeed make sense that humans are more sensitive to attractive traits in human faces compared with other-species faces.
Both the mate choice and the sensory bias frameworks place the mechanisms responsible for the preferences for attractive faces in the evolution of the human lineage (Little et al., 2011; Rhodes, 2006) , leaving open the possibility that nonhuman primates might also share such mechanisms, for example, preference for symmetry or regularity in monkeys (Anderson et al., 2005; , and therefore show a form of sensitivity to attractive faces. Furthermore, if human ratings of attractiveness are the product of mechanisms shared among primates, they might also predict visual face preferences in monkeys. Although the issue of how much a monkey evaluates a face as attractive is a question difficult to address (if even possible), implicit face preferences can be inferred from looking-time measures (Méary, Li, Li, Guo, & Pascalis, 2014) .
The aim of the current study was to determine whether explicit ratings of attractiveness by human judges would predict implicit visual preferences in other humans and also in rhesus macaques and, if they do, whether such preferences would extend beyond conspecific faces. The sensory bias account of preference formation implies that human ratings of attractiveness should predict the visual preferences of human observers, irrespective of the species corresponding to the stimulus faces. Human ratings of attractiveness of human and monkey faces could also predict the visual preferences of macaque observers if the macaques share similar perceptual biases due to the common lineage between humans and macaques. By contrast, a mate choice account suggests that humans should present a preference for attractive human faces but not attractive monkey faces. Furthermore, if human ratings of attractiveness only reflect human mate choice, macaques should not present a preference for attractive human or attractive monkey faces. A last possibility is to envision that both mechanisms can play a role in preference formation but that their contributions are modulated by the species of the faces.
To test these hypotheses, human judges were asked to rate the attractiveness of human and rhesus macaque faces. The faces were then paired in accord with the attractiveness ratings (i.e., attractive faces were paired with unattractive faces) and shown to human and rhesus macaque participants while their eye-movements were recorded.
Method

Participants
Humans. A total of 26 students from the University of Grenoble Alpes (23-32 years, 13 women) participated in the experiment. Participants had no specific history of being familiar with rhesus monkey faces, although they all had seen monkey This document is copyrighted by the American Psychological Association or one of its allied publishers.
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faces in TV documentaries or in books. Participation was rewarded with credit in an experimental psychology course. The investigation was conducted at the University of Grenoble Alpes, approved by the local ethics committee "Comité d'éthique des centre d'investigation clinique de l'inter-région Rhône-Alpes-Auvergne", Institutional Review Board, and informed consent was obtained.
Monkeys. Five male adult rhesus macaques (Macaca mulatta, 5-9 kg, 5-9 years) participated in the experiment. All the monkeys were born in captivity and housed indoors. They grew up in groups and were exposed to their conspecifics as well as masked and unmasked caretakers on a daily basis in Beijing, China. The monkeys had very limited experience with Caucasian faces, although they could have occasionally seen Caucasian visitors. The monkeys also had limited experience with viewing photographs of Caucasian and Asian human and monkey faces (Ͻ1 week for each tested monkey) and were unfamiliar with the rhesus macaque and human faces used as stimuli. All of the monkeys were midranked individuals in the hierarchy of the colony. All the monkeys that participated in the current study had previous experience with eye-tracking experiments. They were familiar with the setting and the eye-tracking apparatus. Ethical approval was granted by the Institutional Animal Care and Use Committee of Beijing Normal University, with all procedures in compliance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Stimuli
We used 16 Caucasian faces (eight female) and 16 rhesus (16 female) macaque faces to make up the set of face pairs used in the experiments. A total of 12 rhesus macaque faces came from a rhesus cohort in the Laboratory of Comparative Ethology, and four faces came from the PrimFace database (http://visiome.neuroinf .jp/primface). All the faces were frontal views with open eyes and neutral (mouth closed) expression (see Figure 1 for an illustration of the faces used in the experiment). Macaques were presented with opposite sex faces only. Presenting the face of an unfamiliar own-sex conspecific could signal the presence of an out-group individual (i.e., potential rival), thus creating a situation of increased vigilance resulting in longer looking time (Pfefferle, Kazem, Brockhausen, Ruiz-Lambides, & Widdig, 2014; Schell, Rieck, Schell, Hammerschmidt, & Fischer, 2011) . In a visual-preference paradigm, this gaze behavior would be confounded with any face preference due to attractiveness. Because it is difficult to unequivocally establish the biological significance of specific response biases from looking-time procedures, we sought to avoid this potential confound. Unfamiliar opposite sex faces of conspecifics (portraying possible mates) do not trigger vigilance behavior and are better suited to our purpose. Studies examining the influence of various facial features on face preference in macaque monkeys have typically used opposite sex faces (Dubuc, Allen, Maestripieri, & Higham, 2014; Hughes, Higham, Allen, Elliot, & Hayden, 2015; Waitt et al., 2003; .
Attractiveness ratings. The 16 rhesus macaque faces were previously individually rated for attractiveness by a group of 15 students from the University of Grenoble Alpes and by six primatologists from the University of Strasbourg. There was a strong correlation between the mean rating of the students (nonexperts with macaques) and the mean rating of the primatologists (experts with macaques), r(14) ϭ 0.86, and interrater reliability was good (Cronbach's ␣ ϭ .76), so all ratings were averaged together. The 16 human faces were rated by another group of 19 students. The faces were normalized for luminance in the L ‫ء‬ a ‫ء‬ b color space before attractiveness evaluation. Attractiveness could range from 1 (low attractiveness) to 7 (high attractiveness). Attractiveness ratings of the monkey and human faces were normalized within their respective categories using Z scores.
Visual preference task. Each attractive face was randomly paired with an unattractive face within species according to the attractiveness ratings. We prepared eight pairs of human faces (four pairs of male faces and four pairs of female faces) and eight pairs of rhesus faces (eight pairs of female faces), each showing faces with high and low attractiveness ratings. The faces were pasted side by side on a 30-cd/m 2 gray background. We constructed a second set of 16 face pairs by counterbalancing the left-right positioning of the high and low attractiveness faces. Within an experimental session, the participants viewed each of the 16 face pairs twice, thus yielding a total of 32 stimulus pairs presented in a random order to each participant. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Procedure
During the visual preference task, eye positions of monkey and human participants were measured by an EyeLink 1000 (SR Research Ltd., Ontario, Canada). For technical reasons, sampling frequency and viewing distance were 500 Hz and 100 cm for monkeys and 250 Hz and 60 cm for humans. A standard 5-point calibration procedure was conducted before the beginning of each experimental session. Both groups of participants viewed the display binocularly. Stimuli were displayed on a gamma-corrected color monitor (Iiyama Vision Master Pro 514, 40 ϫ 30 cm, Iiyama, North America) with a resolution of 1024 ϫ 768 pixels and frame rate of 100 Hz. Given the screen distance and the face size, the stimuli on screen subtended visual angles of 12°and 20°vertically for the monkey and human participants, respectively.
Monkey participants. The detailed experimental setup has been described in (McFarland et al., 2013) . The monkeys were seated in a primate chair with their head restrained. A trial was started with a fixation point (FP) displayed on the center of the monitor. If the monkeys maintained fixation for 1 s, the FP disappeared, and one of the image pairs was presented for 5 s. During the free-viewing presentation, the monkeys passively viewed the images. The intertrial interval was 1 s, during which the monkeys received a juice reward without any specific task requirement related to the stimuli. We conducted three testing sessions for each monkey participant, separated by 2 to 3 days.
Human participants. Humans were also seated, and head movements were limited with a chin rest. A trial was started with an FP displayed on the center of the monitor. The experimenter triggered the image presentation manually after ensuring that the participant fixated on the FP. A drift correction was performed every five trials to realign gaze and correct for small involuntary head movement. Each stimulus pair was presented for 5 s, and the instructions emphasized free viewing of the images. A single testing session included the 32 stimulus pairs presented in a random order.
Results
Data Processing and Statistical Analysis
All calculations for the identification of fixations were performed in degrees of visual angle. The parsing of the eye data into saccades and fixations was done according to the method developed by Engbert and Kliegl (2003) for microsaccades. Parameters were adjusted for saccade detection. In our analyses, the minimum duration for the fixations was set to 80 ms. The fixations within each trial were then classified according to their locations (on the low or high attractiveness face, or elsewhere on the screen). Only trials where participants gazed at both faces, for at least one fixation and with the initial gaze on the FP, were included in the data set. In the group of human participants, these criteria excluded one and nine trials out of 416 trials (i.e., 0.2 and 2.16% of the trials) for the human and monkey face types, respectively. For the monkey participants, the number of valid trials for each monkey is given in Table 2 . The number of trials was 48 per face type (3 ϫ 16). The number of valid trials was small for monkey I (N ϭ 10 and N ϭ 12 for the human and monkey faces, respectively), with 79 and 75% of invalid trials. For the other four rhesus macaques, the rejection rate ranged from 2% to 18%.
The number of fixations and the total looking time on each face were calculated for each participant. The goal of the main analysis was to test whether the attractiveness level influenced looking time and whether this effect depended on face type (human or monkey). This was completed separately for the human and rhesus macaque groups using a linear model of the form Y ij ϭ ϩ ␣F ij ϩ ␤X ij ϩ ␥F ij X ij ϩ E ij , where Y ij represented the group's looking duration at a face j (one of the 16 faces used for each species) of face type i (own or other-species), and X ij represented the Z value of attractiveness for this face. Face type (human or rhesus macaque) was recoded as face species (own or other depending on the participant group) and was treated as a factor, with F ij ϭ 0 for other-species faces and F ij ϭ 1 for own-species faces. The Z score of attractiveness was treated as a numeric variable. According to the linear model, is an intercept term that approximates the average looking time at other-species faces (due to the transformation of attractiveness ratings into Z scores). The slope ␤ is a coefficient capturing the effect of attractiveness in other-species faces. The ␣ and ␥ terms represent the modification of the intercept and slope, respectively, when looking at own-species faces (i.e., when F ij ϭ 1). We used partial p 2 measures to estimate effect sizes. Stimulus presentation and data processing were done with Matlab using the Psychtoolbox (Brainard, 1997) , and the EyeLink Toolbox 
Linear Model of Attractiveness Effects
Human participants. When applied to the mean spontaneous looking time in the human group, the linear model accounted for 49% of the variation in mean looking duration at the face photographs, multiple R 2 ϭ 0.49, F(3, 28) ϭ 8.88, p Ͻ .001. Table 1 reports the values for the model's parameter , ␤, ␣, and ␥. Figure 1 (top) can be used to illustrate the model's output. The intercept coefficient and the slope coefficient ␤ were used to fit the looking duration for other-species faces. Because we used Z scores for the attractiveness ratings, the intercept gives the mean looking time to other-species faces. The nonsignificant t value for the slope ␤ indicates that mean This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
looking duration for other-species faces was not linearly related to attractiveness level. The mean looking time to own-species faces was fitted using the intercept coefficient ( ϩ ␣) and the slope (␤ ϩ ␥). The change in mean looking time due to face type, captured by the coefficient ␣, was not significant. This outcome suggests that, overall, both face types (own-and other-species faces) were looked at for the same average duration. However, the change in slope, captured by the coefficient ␥ (␥ ϭ 0.165 s) was significant. This result indicates that attractiveness influenced the mean looking time to ownspecies faces. According to Table 1, the slope for the own-species faces was 0.194 (␤ ϩ ␥), meaning that change of one unit in Z score was associated with an increase of 0.194 s in looking time. Thus, attractiveness ratings correlated with the spontaneous looking duration of human participants toward the faces of their conspecifics; however, this effect was not significant when the human participants looked at monkey faces.
Rhesus macaque participants. When applied to the mean spontaneous looking time in the group of rhesus macaque participants, the linear model accounted for 32% of the variation in mean looking duration at the face photographs, multiple R 2 ϭ 0.32, F(3, 28) ϭ 4.34, p ϭ .012. The slope coefficient ␤ was nonsignificant, indicating that the mean looking time to other-species faces (i.e., the human faces in this case) was unrelated to the attractiveness ratings ( Table 1) . As for the human participants, the coefficient ␣, representing the change in mean looking time between own-and other-species faces was not significant, suggesting that both face types (own-and other-species faces) were looked at for the same average duration. More importantly, the ␥ coefficient was positive and significant, indicating an effect of attractiveness for own-species faces. Overall, then, as was the case for the human participants, attractiveness rating predicted the spontaneous looking duration of the rhesus macaque participants, but only for the faces of their conspecifics. Table 2 provides the mean differences in number of fixations on human and monkey faces of high and low attractiveness for each rhesus macaque participant. When the monkeys were looking at pairs of human faces, neither the number of fixations nor the looking times increased significantly for faces of high attractiveness. For conspecific monkey faces of high versus low attractiveness, however, we found a significant increase in both fixation number and looking time toward faces high in attractiveness in three out of five monkeys. Monkey I had only a small number of valid trials but was nevertheless included in the study. Removing this monkey's data strengthened the ownspecies effect found in the previous analysis of monkey performance.
Results From Individual Monkeys
Additional Analyses
Effect of gender. An attractiveness preference influenced by mate choice mechanisms would imply that the effect of attractiveness is stronger for male participants looking at attractive female faces (compared with attractive male faces). Conversely, female participants should present a stronger effect of attractiveness for male than female faces.
To examine this possibility, we tested the influence of "Face Gender," "Subject Gender," and "Attractiveness Rating" on the human looking times toward attractive faces. Results showed interactions between Attractiveness Rating and Subject Gender, and between Attractiveness Rating and Face Gender-Rating ϫ Subject Gender, F(1, 832) ϭ 23.989, p Ͻ .001; Rating ϫ Face Gender, F(1, 832) ϭ 18.565, p Ͻ .001, see Table S2 , in online supplemental material. Overall, these interactions indicated that (a) the effect of attractiveness was stronger in our male participants looking at female faces, which is consistent with the mate choice hypothesis, and that (b) the effect of attractiveness was also stronger on female face stimuli than on male face stimuli. Although this latter result may reflect an artifact of our stimuli, it may also indicate that female participants attended to attractive female faces. Such behavior has been previously interpreted either as engagement of "social comparison" (e.g., check out the competition) or a higher tendency toward bisexual [792, 1956] Note. LT ϭ looking time; CI ϭ confidence interval. Bold face ϭ p Ͻ .05. This document is copyrighted by the American Psychological Association or one of its allied publishers.
orientation in female participants (Hall, Hogue, & Guo, 2011 , 2014 . We also examined the effect of Subject Gender on the human looking times toward monkey faces. This analysis showed no effect of Subject Gender, F(1, 828) ϭ 0.913, p ϭ .340, which is not surprising given that there was no effect of the attractiveness ratings on the human looking times toward monkey faces.
Our monkey participants were all males, and they were presented with female monkey faces, and with male and female human faces. We therefore examined the effect of Face Gender only for human faces. Results showed no effect of Face Gender or Rating, nor of any interaction (all ps Ͻ .11, see Table S3 , in online supplemental material), indicating that there was no significant difference in monkey looking times on male versus female human faces.
Pearson correlation between looking times across species of observers. To examine the potential correlation between looking time across species of observers, we computed the Pearson's linear correlation coefficients between human and monkey looking times toward human faces, monkey faces, or both (Figure 1 ). Overall, we found no significant correlation for (a) looking times of humans and monkeys on human faces: r (14) These results are consistent with our pattern of findings showing that the attractiveness effect is species-specific (e.g., human and monkey looking times toward human faces were not correlated because only human participants looked longer at human faces rated as attractive). Notably, the correlation between human and monkey looking times on monkey faces is close to significance (although it is below the threshold of ␣ ϭ .05 using a one-tailed t test). Because monkey faces were rated by human judges for attractiveness, it follows that human looking times would show a trend toward a preference for the monkey faces rated as attractive. The effect size is however much smaller for monkey faces (R 2 ϭ 0.11) compared with human faces (R 2 ϭ 0.66), supporting our conclusion that the influence of attractiveness on looking times is stronger for own-species faces than for other-species faces. Further analyses, including (a) representation of the time course of visual attention toward high and low attractiveness faces; (b) the spatial distribution of fixations over the human and monkey faces; (c) scatter plots of human and monkey looking times toward human faces, monkey faces, or both; and (d) analysis of variance tables describing overall effects of each factor (main effect and interaction) for all the models tested, are provided in the supplemental files.
Discussion
In the present study, we sought to examine whether explicit evaluations of facial attractiveness by human judges would predict implicit visual preferences of adult humans and rhesus macaques. The findings revealed species-specific visual preferences for faces with high attractiveness ratings, because human participants looked longer at attractive human faces but not attractive monkey faces, whereas macaque participants looked longer at attractive macaque faces but not attractive human faces. Strikingly, human judgments of facial attractiveness of monkey faces predicted the visual preferences of macaque monkeys, suggesting at least a partial overlap between the features used by the human raters and those driving visual attention in macaques.
The current outcomes can be discussed in the context of the larger debate about the origin of preferences for attractive faces. Do attractiveness preferences reflect an adaptation for mate choice, or do they come about as a consequence of sensory processing biases (Halberstadt, 2006; Halberstadt & Rhodes, 2000 , 2003 Rhodes, 2006) ? Our view is that the findings can be taken as evidence that both explanations are needed to account for attractiveness judgments and should not be considered as mutually exclusive alternatives. Although preferences stemming from adaptation for mate choice are likely to be species-specific (Halberstadt, 2006; Little, 2014) , preferences arising out of general perceptual mechanisms could be shared among phylogenetically close species, such as humans and macaques, and have led to similar preferences: for symmetry in humans, capuchin monkeys, and squirrel monkeys (Anderson et al., 2005; Little, 2014) , for curved contours in humans and chimpanzees (Munar, Gómez-Puerto, Call, & Nadal, 2015) , and for prototypicality in human and macaque infants .
The human looking time preference for attractive human faces replicates previous findings (Hayden et al., 2007; Leder et al., 2010; Shimojo et al., 2003) and suggests that the features used by the independent group of observers to explicitly rate human faces were at least partly correlated with the features driving implicit visual attention in our group of human participants. Contrary to what was expected under a strict sensory bias account of preference formation, the attractiveness effect was not found for nonhuman primate faces. Human ratings of attractiveness predicted implicit preferences in humans only for own-species faces. This result is consistent with findings showing that some components of attractiveness such as symmetry (Little, 2014) or prototypicality (Halberstadt, 2006 ) have a greater influence on attractiveness judgments applied to human faces compared with other-species faces. When human observers rate the attractiveness of monkey faces, they may rely more on features linked to general perceptual mechanisms rather than features linked to adaptation to mate choice, which are irrelevant in this instance. In contrast, when human observers rate the attractiveness of human faces, influences of both basic perceptual mechanisms and features reflecting sexual selection pressures might contribute to responding. Features linked to human mate choice are likely to be irrelevant for macaques and, consequently, did not drive their visual attention for attractive human faces as they did for human participants. Yet, human judgments of facial attractiveness of monkey faces predicted the visual preferences of macaques. This outcome suggests that some of the features used by humans to rate the faces overlap with those driving visual attention in macaques. Features linked to general perceptual mechanisms are plausible candidates, as they may be shared between human and nonhuman primates. Moreover, it has been shown that both humans and monkeys find symmetry attractive in faces (Little et al., 2008; . Similarly, both human and macaque infants show visual preferences for face prototypicality . Interestingly, the influence of symmetry or prototypicality on attractiveness preference appears to be stronger for frequently experienced faces (Damon, Halberstadt, 2006; Little, 2014) , which This document is copyrighted by the American Psychological Association or one of its allied publishers.
usually correspond to conspecific faces in ecological conditions. Along with the current findings, these results are consistent with a species-specific effect of face attractiveness. However, it can be argued that the interaction between species and attractiveness could be due to a rating bias rather than a sensory bias in the participants. We believe that far from being mutually exclusive, both phenomena are linked. It may be because different mechanisms were at work when rating conspecific and heterospecific faces that the ratings of macaque faces were able to predict looking time in macaque participants, while ratings of human faces did not. We argue that the ratings of human faces may be perturbed by mate-quality influence, whereas ratings of macaque faces were solely influenced by more general sensory processes. Therefore, in a way, the species and attractiveness interaction may have reflected a rating bias, but the bias in turn reflected the influence of different mechanisms, that is, mate choice adaptation mechanisms, general sensory bias, and categorization of a face as a conspecific.
Despite the correlation between human ratings of attractiveness and monkey looking times, we acknowledge that it is difficult to unequivocally establish that visual preferences truly reflect stimulus attractiveness. However, there is considerable evidence that this can be considered a reasonable conclusion based on the data and has been interpreted as such in previous studies with human adults and infants, and nonhuman primates (Langlois et al., 1987; Leder et al., 2010; Quinn et al., 2008; Shimojo et al., 2003; . Visual preference paradigms typically bear such an uncertainty in interpretation because the preference is implicit and based on an inference. We do not suggest that there is a total overlap between the features that drive monkey looking times and those used by human raters. A more circumspect explanation would be to consider that there is a partial overlap of the features driving human ratings and gaze behavior in monkeys. Humphrey (1972) suggested that two independent factors influence visual preferences in human and nonhuman primates, interest (stemming from stimulus information properties), and pleasure (stemming from attractiveness of the stimulus which induces pleasurable feelings). Of the two, interest is proposed to supersede pleasure in driving gaze behavior, with monkeys attending preferentially to stimuli with high information content despite their unpleasant properties. It is worth noting, however, that interest and pleasure are not mutually exclusive, and a stimulus can be both informative and attractive. In the current design, the use of opposite-sex faces of conspecifics reduced the probability of monkey faces triggering a vigilance response (Pfefferle et al., 2014; Schell et al., 2011) or aversion mechanisms (Mendelson, Haith, & Goldman-Rakic, 1982; Taubert, Wardle, Flessert, Leopold, & Ungerleider, 2017) . The downside of this methodological choice is that the monkeys were only tested with female monkey faces, and thus our conclusions about monkey performance only apply for opposite sex faces. Similarly, because our monkey sample was exclusively composed of male macaques, our results might not generalize to female monkeys. Sex differences in the influence of facial features on visual preferences for faces are not uncommon (e.g., skin color, Dubuc et al., 2014; Waitt, Gerald, Little, & Kraiselburd, 2006 , or symmetry, Waitt & Little, 2006 . Hence, future studies could resolve this issue by examining attractiveness preferences in female macaque monkeys.
The findings also showed an unexpected dissociation between explicit judgments (i.e., attractiveness ratings by humans for humans and macaques) and attentional biases (i.e., preference by humans only for human faces and not for macaque faces). Although facial attractiveness ratings can be collected from adult human observers for almost any class of faces, not just for human faces, the implicit behavior that may be induced by a face rated as attractive (i.e., visual preference) could be tied to the evolutionary relevance of such a face, regardless of the origin of the preference (i.e., mate choice, sensory bias, or both mechanisms). The dissociation may indicate that implicit visual preferences are influenced by another cognitive process: categorization of a face as a conspecific. If so, triggering attractiveness-based visual preferences might necessitate prior categorization of a face as own-species. Human adults (Méary et al., 2014) and infants (Di Giorgio, Méary, Pascalis, & Simion, 2013; Heron-Delaney, Wirth, & Pascalis, 2011) preferentially allocate visual attention toward own-species faces over other-species faces, and similar findings have been reported in nonhuman primates (Fujita, 1987; Sugita, 2008 , but see Méary et al., 2014) . Moreover, other face processing tasks also reflect an attentional advantage for own-species faces, such as detection (e.g., in humans, Crouzet, Kirchner, & Thorpe, 2010) and visual search (e.g., in humans, Simpson, Husband, Yee, Fullerton, & Jakobsen, 2014; in macaques, Simpson et al., 2017) .
Furthermore, both human and nonhuman adults have a faceprocessing system that becomes species-specific during early development, leading to poorer discrimination and recognition abilities in human infants for other-species faces as measured in looking-time tasks relying on familiarity or novelty preference (Pascalis & Bachevalier, 1998; Pascalis, de Haan, & Nelson, 2002) . Human and nonhuman face processing systems become attuned to frequently experienced categories (e.g., human faces for humans, monkey faces for macaques) in relation to their perceptual experience with faces (Pascalis et al., 2005; Sugita, 2008) . Of interest here is that this specialization in the recognition system might also alter the attractiveness system, weakening the effect of attractiveness for other-species faces. Thus, when human observers are asked to rate the attractiveness of monkey faces, they might not be able to recruit the "expert" face processing strategy that is used for human face processing (which may be human-specific) and hence rely more on general object processing strategies (which could be shared among primates). Note that such an interpretation leads to the prediction that infants tested before the perceptual narrowing window (i.e., 3-to 6-month-old infants, Maurer & Werker, 2014) might show a preference for attractive other-species faces, whereas older infants (e.g., 9-to 12-month-old infants) should perform like the adult participants from the present study and display no such visual preference. Evidence consistent with this prediction includes the finding that 3-to 4-month-old human infants look longer at attractive over unattractive domestic and wild cat faces (Quinn et al., 2008) ; however, older infants have thus far not been tested for their preference for attractive versus unattractive other-species faces.
In conclusion, we have reported behavioral evidence of a species-specific effect of facial attractiveness in adult humans and macaques. For both species, attractive own-species faces (as rated by human observers), but not attractive other-species faces, were preferred. These findings suggest that (a) human ratings of attractiveness correlate with features driving visual attention in monThis document is copyrighted by the American Psychological Association or one of its allied publishers.
keys, and (b) that implicit preferences for faces, even rated as attractive, are tied to their evolutionary relevance. To further evaluate the influence of face-processing specialization on face preferences, future investigations should examine the developmental trajectory of attractiveness preferences for own-or other-species faces, before and after the perceptual narrowing window.
